Introduction
Large quantities of wastewater is treated successfully by activated sludge 20 technology. Meanwhile, a lot of waste activated sludge (WAS) is produced in this 21 process. Reducing the volume and water content of the WAS is still a major concern 22 (Yuan et al., 2011). The commonly used chemical treatment methods hardly decrease 23 water content below 80%, and the volume of dewatered sludge obviously increases 24 3 with the addition of inorganic conditioners (Chen et al., 2001) . In order to dispose 1 WAS economically and efficiently, dewatering and settling processes are essential to 2 reduce the sludge volume, which is still a bottleneck for sludge treatment (Guan et al., 21 Although these technologies exhibit some enhancement effect on sludge 22 dewaterability and settleability, some problems limit their application. On the other 1 hand, photocatalytic technology may be proposed to improve sludge dewaterability 2 and settleability by degrading EPS in WAS. Moreover, it is eco-friendly compared to 3 acid or alkaline treatment, metal ions addition and electro-chemical treatment, and 4 low-energy consumption compared to thermal treatment, sonication, microwave, 5 explosive explosion shockwave, and pressurised electro-osmotic treatment. It is also a 6 low-cost method compared to other treatment methods because it uses sunlight. 7 TiO 2 photocatalytic technology, an advanced oxidation process (AOP) utilizing free 8 radicals as a primary oxidant, has been successfully applied in wastewater treatment 9 (Gaya & Abdullah, 2008). Many organics can be degraded due to its non-selective 10 oxidation capability. It is supposed that the pore water and interstitial water in WAS 11 could be released with the degradation of WAS. In addition, the odour, turbidity and 12 organics content in WAS can be decreased during the process. Two kinds of 13 photoctalytic reactors (suspended-and supported-type) can be used in the treatment of 14 WAS. Although having higher photocatalytic activity, the suspended-type TiO 2 15 photocatalysis has higher cost of post-treatment (Mozia, 2010). Due to lower 16 interaction efficiency with contaminants and higher recombination rate of 17 electron-hole, the supported-type TiO 2 photocatalysis has lower photocatalytic 18 activity (van Grieken et al., 2009). Therefore, it is promising to synthesize some novel 19 and effective immobilized photocatalysts. Ag exhibits an efficient plasmon resonance All the experiments were carried out in a solar photocatalytic reactor with support 10 catalyst (shown in Fig.1 ), which contained 10 glass tubes (18cm in length, 1 cm in 11 diameter ) with TiO 2 or Ag/TiO 2 film coated on inside wall. The working volume of 12 the reactor was 700 ml, and the WAS flowed in the reactor at 100 ml/min by a 13 peristaltic pump (??Which company, country). In this study, sunlight was used as light 14 source, and the mean UV-light intensity (290 nm -390 nm) in sunlight was recorded 15 from 9:00 to 15:00 (shown in Fig.2(a) ). The control experiments were conducted by 16 using the same reactor under the same light conditions but without catalyst on the 17 inner wall of the glass tubes. for 5 min in a 15-ml centrifuge tube to dewater, then the sludge sediment in the 9 centrifuge tube was re-suspended with NaCl solution (0.05%, 70℃) to the original 10 volume. Without any delay, the sludge suspension was sheared by a vortex mixer 11 (VORTEX-GENIE G-560, scientific industries, INC.) for 2 min, followed by 12 centrifugation at 4000 g for 10 min. The organic matter in the supernatant was the 13 LB-EPS of WAS. For the TB-EPS, the WAS was firstly centrifuged at 4000 g for 5 14 min in a 15-ml centrifuge tube, then the liquid phase was discarded and the solid 15 phase was re-suspended with 0.05% NaCl solution to its original volume of 15 ml. 16 Secondly, the WAS suspension was heated to 60℃(confirm this temperature, 70?) for 17 30 min in an incubator (WFO-700, EYL4). Finally, the re-suspension was centrifuged 18 (MX-301, TMY) at 4000 g for 15 min and the supernatant was collected for TB-EPS 19 analysis. The residue in the centrifuge cube was again re-suspended by adding NaCl 20 solution (0.05%, 70℃) to the original volume of 15 ml. This fraction was the pellet. ). 15 As it is known, the WAS has high SVI value due to some unfavorable operation 16 conditions resulting in slowly settleable large flocs (supplementary Fig.S2(a) ). The above phenomena can be interpreted as that the widely dispersed LB-EPS in 1 the aqueous phase has more chance to interact with the photocatalyst, possibly leading 2 to its rapid degradation into carbon dioxide. With the degradation of LB-EPS, an The reduction of TB-EPS in the initial phase is probably due to the conversion of 21 TB-EPS to LB-EPS by Ag/TiO 2 photocatalysis, and during this period the WAS 22 pellets haven't been disrupted into TB-EPS or LB-EPS. With the photocatalysis going 1 on, the pellets are disrupted, and then more and more LB-EPS and TB-EPS are 2 released, leading to the increase of TB-EPS in WAS. Simultaneously, the increase of 3 TB-EPS can supply more LB-EPS. When the increasing portion of TB-EPS is more 4 than its decreasing counterpart, the concentration of TB-EPS will increase and vice 5 versa. However, no direct correlation has been found between TB-EPS and the SVI or Fig.S2(b) ) had a relatively rough surface and layered structure, while 18 the surface of photocatalysis treated WAS (after 18 h treatment) became level and 19 smooth (supplementary Fig.S2 (c) ). This morphological change indicates that the 20 WAS could be degraded gradually by Ag/TiO 2 photocatalysis. When the flocs in WAS 21 are gradually degraded from surface to inside, free water and pore water can be 22 released and the frictional resistance between flocs decreases, which may contribute 1 to the decrease of SRF and SVI values. This mechanism is different from other sludge 2 treatment methods such as explosive explosion shockwave, microwave and ultrasonic 3 processes characterized as rapid and violent (Chen & Yang, 2012; Feng et al., 2009; 4 Tang et al., 2010). The appearance of photocatalysis treated WAS (for 36 h) became 5 rough, fluffy and irregularly shaped again, but not the layered structure as before 6 (supplementary Fig.S2 (d) ). This observation indicates that the sludge flocs might be 7 broken, and the intracellular substances could be solubilized into the aqueous phase, 8 leading to the increase of EPS. Meanwhile, some of the EPS, especially LB-EPS, can 9 be degraded by Ag/TiO 2 photocatalysis (shown in Fig.4 (a) ). So the physically bound 10 water and interstitial cell water can be released into the solution during the 11 degradation progress of EPS, enhancing sludge dewaterability and settleability. Fig.3(a) . Liu et al. 
